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Question Answer

What color should binders be?

Dark Blue

Is tab printing required

No

Color or black and white?

Color inserts on cover and spine

Does the binder require a view pocket in front, and any
spine printing?

View pockets on front and spine

Are there any other tab specifications?

No

Can you please provide further clarification for the design?
Do you need the PPT file design fine-tuned (create color
palette, font styles, clean up charts/graphs to make more
appealing) and then printed on thumb drives?

Yes, the slides require cleaning up for consistency,
branding and ease of reading. Readability of
projected images as well as readability of printed
slides is a primary consideration. Generally, each
page consists of two PPT slides but periodically a
full page will be needed due to the complexity of a
chart.

A binder cover, cover sheet, and workshop outline
are composed from scratch based on the course
presentations that follow in each workbook.

Or will PPT slides be placed into a page layout design with
accompanying text?

The attached work product example reflects a
typical presentation within the course. The images
are projected such that page formatting that might
be found in textbooks would not be appropriate
here. There is text on slides that requires reviewing
and possible editing again for readability.

Or will all of the content from the PPT files be redesigned
into a book format?

No

Is it possible to provide an example of a previous PPT for
reference? Seeing what is expected would help provide a
more precise cost estimate.

Yes, a typical example of workbook pages and
slides are provided here. This example would be
one presentation / section within the entire
workbook.

Can you provide an estimate of how many charts/graphs,
schematics, etc. will be included in each workbook?

The ratio of text to charts, graphs, schematics is
approximately 40/60. Forty percent of the pages
are text and sixty percent include graphics as
shown in the example provided.

Will the charts/graphs, schematics need to be recreated or
just cleaned up?

Generally, just formatted for readability.

The RFQ requests only one sample. Is it possible to send
more than one to show a large page count project as well as
infographic/chart/graph capabilities?

As we are interested in student workbook
applications, please incorporate these capabilities in
the single print exhibit and single thumb drive as
requested in the RFQ.

Are binders customized? Do they have a custom imprint on
cover?

No special imprint

Does it matter if they are Round or D Ring?

No

Do the binders have inside pockets?

Yes
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If customized, does an inventory of binders need to be kept
on hand? If so, how many?
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Introduction to Flow Cytometry s

S~

Dr. Elke S. e gmann-Leitner /I _{-&

=

I.  Introduction with Definition of Flow Cytometry
[I.  Comparison Flow Cytometry vs. Immunohistochemistry
lll.  General Setup of a Flow Cytometer
1. Optical System
2. Fluidic System
IV. Cell Sorting: Principles and Parameters
V. Parameter and Probes Useful for Flow Cytometric Analysis
1. Measurement of Intrinsic Parameters
2. Measurement of Extrinsic Parameters
VI. Data Analysis
1. Types of Data Presentation: Dot Blot, Histogram, Contour Plot

Why Flow Cytometry?

Multi-parameter analysis!

Analysis of specific

Identification of structures on/in cells
cellular subset \

Simultaneous detection and quantification!!

Activation and differentiat/

(maturation) status of a cell

Cell cycle analysis

Pathogen-
associated
antigens or DNA




Applications of Flow Cytometry ";%i‘
il A
1. Cytology (cell cycle and cell growth, cell differentiation, necrotic and
apoptotic events)

2. Molecular genetics
Preparative tool for establishing chromosome specific DNA libraries
*  Mapping of chromosomes loci by spot-blot hybridization
*  Chromosome analysis and flow karyotyping
3. Oncology: e.g. analysis of cells from solid tumors
*  Cytokinetic studies to improve treatment protocols for diagnosis,
prognosis
e  Simultaneous determination of DNA content and BrdU

incorporation to measure the response of tumor cells to cancer
therapeutic agents or radiation

Application - continued

i

4. Microbiology

* Detection and measurement of bacteria, protozoa or viruses in
eukaryotic cells by DNA-, protein content, DNA base composition

*  Detection of toxins in the cytoplasma

*  Measuring higher membrane potential in parasitized cell
5. Animal breeding (analysis and sorting of sperms)
6. Clinical application

*  Oncology

 Hematology (platelet counting, detection of specific leukocyte
populations in the blood)




* Immunology

— Measurement of T cell subpopulations (HIV)
— Detection of antigen specific activated T cells
— Intracellular staining for cytokines

— Tetramer staining (compared to Elispot)

— P-gal Fluorochrome (detection of transfected cells, detection
of activated cells using 3-gal-reporter gene)

7. Protein Biochemistry

* Peptide binding to MHC class | or class Il (T2 binding assays or
fluorescent probes)

* Staining for gene products inside the cell as alternative to
immuno-precipitation and western blot (apoptosis, cell cycle and
signaling)

Setup of a Flow Cytometer

BAND
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Laser-based flow cytometry with orthogonal configuration. Right-angle light scattering and two fluorescence
components may be detected through microscope objective or equivalent lens perpendicular to the laser beam
and water jet carrying cells. JForward-angle scattering is measured by means of a solid-state detector close to the
laser beam. A piezoelectric crystal causes the nozzle to vibrate at a frequency of the order of 40khz so that the
water jet breaks into droplets for cell sorting by electrostatic deflection. 6




The flow cell — the heart of the flow cytometer

Events in the Flow Cell

Laser

Hydrodynamic Focusing (looking at liquid stream from the top)

Light Scatter |
FaCtor Of Ce” Size, Sheath fluid Sample — ideally in single cell file
Cell shape, cytoplasmic granularity

Pressure of sheath fluid relaxes or compresses the size of the core

Important for Proper
erations

Flow speed

E—

Function of the differential pressure

Low differential pressure ' High differential pressure
<1.5PSI >2PsSI

Higher resolution Lower resolution

More accurate doublet Medium setting may be ok for

discrimination sorting
Appropriate for cell cycle analysis Flow Ce poulktigh setting only acceptable for
Preferable for cell sorting phenotyping cells when high

frequency is expected




Setup of a Flow Cytometer:

Optical System
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Laser Excitation Filters Dyes (examples)

UV Laser 379/28 - 820/60 BUV395 -
BUV805

Blue Laser 488 nm 530/30 — 780/60 | FITC —PECy7

Yellow Laser 532 nm 575/26 - 780/60 |PE - PECy7

Green Laser 561 nm 575/26 - 780/60 |PE - PECy7

Red Laser 633 nm 660/20 - 780/60 | APC —APC-H7

630 nm BandPass Filter

White Light Source Transmitted Light

620 -640 nm Light

520 nm Long Pass Filter 575 nm Short Pass Filter

Light Source Transmitted Light Light Source Transmitted Light

>520 nm Light <575 nm Light




Making Space for More Colors:

Arrangement of Photomultiplier Tubes (detectors)

Linear Arrangement Polygonal Arrangement

ABENO ?umn

SES/AT \ P00 Beam spliter

h
[OT1 &6
L = | P ~
“om

Fluorescent light from the cell

http://www.bdbiosciences.com/br/instruments/facscantoresearch/features/optics.jsp
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Sample injection port
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Flow Sorting

Piezoelectric
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SORT DECISIONS
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Tt s

SORT LEFT | SORT RIGHT

Frequency Histogram
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DNA base composition

Chromatin structure

RNA content

Total protein content, basic protein
Surface sugars

Intrinsic Cell size Redox state
Cell shape
Cytoplasmic granularity
Pigment content

Extrinsic DNA content

Membrane integrity
Membrane permeability
Enzyme activity

Endocytosis

Surface charge

Extra-, intracellular receptors
DNA synthesis
Cytoplasmic/mitochondrial
membrane potential
Intracellular Ca?*




Three crucial pieces of information needed when choosing a

fluorochrome:
(1) What are the specs of the laser? = Excitation wavelength
(2) What are the specs of the dichroic mirrors,
band pass filters of the flow cytometer? = what are the cut-ons/offs?

(3) are the fluorochromes considered compatible?

17

Fluorchrome Qtforpticp Qmissijp
maximum maximum
FITC 490 nm 520 nm
TRITC 554 nm 573 nm
Texas Red 596 nm 620 nm
Phycoerythrin-R 480-582 nm 570 nm
XRITC 580 nm 600 nm
Allophycocyanine 650 nm 680 nm
PerCP 490 nm 650 nm
CyChrome (PE-Cy5) 490 nm 650 nm

Three crucial pieces of information needed when choosing a fluorochrome:

(1) What are the specs of the laser? = Excitation wavelength

(2) What are the specs of the dichroic mirrors, band pass filters of the flow cytometer?
- what are the cut-ons/offs?

(3) are the fluorochromes compatible with each other?




Histogram display = showing one parameter at a time
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Data Presentation — Which one to choose

10,000 cells 50,000 cells 100,000 cells 200,000 cells

Dense cell
“—_ clusters

cannot be

resolved in

dot blots =
quire
alternative

display
modes such
as contour
blot

Dot plots

Quantile
contours

100 1000 10000

I o)
”1. — Lad - T v T ——
0 00 1000 10000 0 100 1000 10000 0 100 1000 10000
CD43

Application of Flow Cytometry in

Various Areas of Basic Research #%4

A

l.  Cytology
1.  Cell cycle analysis
2.  Cell differentiation

3. Necrotic and apoptotic events
Il.  Molecular Genetics

1. Preparative tool for establishing chromosome specific DNA
libraries

2.  Mapping of chromosome loci by spot-blot hybridization
3. Chromosome analysis and flow karyotyping

22




lll.  Oncology: e.g. analysis of cells from solid tumors

1. Cytokinetic studies to improve treatment protocols for diagnosis,
prognosis

2. Simultaneous determination of DNA content and BrdU
incorporation to measure the response of tumor cells to cancer
therapeutic agents or radiation

IV. Microbiology

1. Detection of bacteria, protozoa or viruses in eukaryotic cells by
DNA-, protein-content, DNA base composition

2. Detection of toxins in the cytoplasm

3. Measurement of higher membrane potential in parasitzed cells
V. Animal breeding

1. Analysis and sorting of sperms

23

Fig. 24. Dependence of fluorescence contrast enhancement by pM 33258 Hoechst, in 0.14 M NaCl/0.004 M KCI/0.01 M phos-
DNA-binding counterstains on relative dye binding specificities and phate, pH 7.0, while those in columns E, F, and G were stained with
spectral overlap. Shown are human 1,3 and Y chromosomes from 0.4 pM 33258 Hoechst, followed by 500 pM chromomycin A,
different cells of the same individual. Chromosomes in columns A Fluorescence from doubly stained chromosomes was due to chro-
and B were stained only with chromomycin A, at 500 pM (A) or 4 momycin A, in C and G and to 33258 Hoechst in E and F. The
pM (B), in 0.14 M pH 6.8 phosphate buffer plus MgCl,. Chromo- mounting medium in E was pH 7.5 Mcllvaine’s buffer. In all other
somes in column C were stained with 500 pM chromomycin A, cases, glycerol, which stabilizes chromomycin A, fluorescence, was
followed by 100 uM methyl green, the latter in 0.15 M NaCl/0.005 used. Chromomycin A, staining solutions contained equimolar
M Hepes, pH 7.0. Chromosomes in column D were stained with 0.4 amounts of the dye and magnesium [365].
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Staining of Chromosomes

Hoechst 33258

Chromomycin A3

Fig. 25. Bivariate flow distributions of human chromosomes derived chromosome types. The individual homologues of chromosome 15
from PHA-stimulated peripheral lymphocytes stained with 33258 are separately resolved with this donor. (Reproduced from ref
Hoechst and chromomycin A,. The leit panel shows the whole kary- [154a], with permission of the publisher.)

otype while the right panel shows an expanded view of the smaller

25

Application: CeII Cycle Analysis =

DNA, RNA, content, cell size and BrdU incorporation are valuable parameters to define the
position of the cells in cell cycle.

DNA Content

Non-replicating cells in GO, G1 have same DNA content (2c)

Show typical distribution in histogram. e
1 < | ngﬂ
V Y
ic 4e

Standardization with chicken RBC (35%DNA of human 2c cells) and rainbow trout RBC (80%) to
calibrate the system.

DNA Base Composition
Some dyes have preference for either A-T or G-C rich DNA
Quinacrine has same affinity for either one, but binding to A-T results in brighter signal than G-C.
Hoeschst 33258: A-T
Chromomycin: G-C
Allows karyotyping (see transparent)
26




Chromatin Structure

Fix cells and treat with RNAse (most of the dyes would also bind to RNA). Partial denaturation of
DNA by acid or heat. Subsequent staining with AO will then reveal chromatin structure:

AO binding to native DNA will result in emission of given wavelength, binding to denatured DNA
will result in shift of wavelength (higher). Sensitivity of DNA denaturation correlates with the
chromatin condensation; highest in mitosis and quiescent cells, most resistant DNA in late G1,
early S-phase

Fer O GVL

bl / QM

AO/acid denaturation gives more information about the cell’s progress through cell cycle than
DNA content measurement alone.

27

Application of Flow Cytometry in _} '

Various Areas of Cllnlcal Research 4

VI. Clinical Application
1. Oncology

2. Hematology (platelet counting, detection of particular leukocyte
populations in the blood

3. Immunology
* Measurement of T cell subpopulations (e.g. HIV)
* Detection of Ag-specific, activated T cells
* Intracellular staining for growth factors

» Evaluation of responses to vaccination: ELIspot vs. tetramer-
staining

28
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Bivariate distribution (contour plot) of DNA content versus incorporated BrdUrd for human, All
cells grown in vitro. B: The same type of plot as for panel A, after the cells were treated with
ara-c, showing the loss of cells from S-phase.
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...determines the frequency of cells producing a specific factor (alternate to ELISpots)

Counts — >

IL-17 —

= Isotype
— a-o4 integrin

ThO Th1 Th17 Th17 + IL-23
B B Jae B - 2
o4
w? - 10° ._:; .
w’ @ 10° Nﬁtl
PO I W 6 W W W
IFN-y
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(b

(a) Heavy chain is modified by substitution of
transmembrane and cytosolic regions

with biotinylated target sequence for
enzyme BirA

(b) Purification of recombinant proteins form
inclusion bodies of E.coli: refolding step in
vitro and addition of epitope peptide ==>
isolation of refolded complexes by FPLC

(c) Loaded complexes are biotinylated at C-
terminal end of heavy chain by BirA.
Removal of free biotin by FPLC and ion
exchange chromatography.

(d) Fluorescent Streptavidin A is added to
induce tetramer formation

Other approach: biotinylate all lysine residues of
B2m. 33

Protocol for Staining of Ag-specifi

T Cells wth Tetramers

Protocol for Staining of Ag-specific T Cells with Tetramers

— Stain cells in PBS+5%serum with 1mg/ml tetramer for 20min at 42C.
— Add anti-CD8 or other mAb (10mg/ml) for 30min at 42C.

— Wash cells and analyze in FACS

34




Gating of Populations Can Increase 3 =

i
i

the Sensitivity of the Analysis '\3‘*

Results based on all PBMC Results gated on CD8* T cells

stimulation
B MC-1 MC-3 e

e
LJLLL
el
=

A
1-‘
\

Application of Flow Cytometry in \EL

Various Areas of Biochemistry 4'

VII. Protein Chemistry

1. Peptide binding to MHC class I or class II (T2 assay, fluorescent
peptides)

VIIIL. Flow Cytometry as an Alternative to Western Blot

IX. Monitoring the Efficiency of Transfection

36




Transient Transfection of Cells

with, a Plasmid

wC\.,VIOSOSOO.Om
M 1218

o1 ma Control (non transfected)
od -

E Region Events % Gated % Total XMean X GeoMean
oy, ] R1 7971 B80.78 72.87 476.66 471.07
23 R3 R2 9864 99.97 90.18 453.03 443.20
= R3 1 0.01 0.01 459.00 459.00
2 R4 2 0.02 0.02 32050 320.07
R5 0 0.00 0.00 e g

0 1000

FSC-Height

=+ wl050300.002

Good transfection

Region Events % Gated % Total X Mean X Geo Mean

R1 5864 61.64 52.10 464.58 459.60
R2 4893 51.43 43.47 399.93 388.17
R3 2586 2718 22,98 422.20 408.21
R4 1809 19.01 16.07 431.06 414.40
R5 248 2.61 220 44119 423.34
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< wl050300.004
=

R Bad transfection

PRI R RN

Region Events % Gated % Total XMean X Geo Mean

(2]
E_ R1 5558 58.73 51.65 459.29 454.65
R2 7838 82.83 72.84 395.70 383.46
&NO—- R3 1401 14.81 13.02 419.14 404.49
B3 R4 230 2.43 2.14 41595 397.87
] R5 7 0.07 0.07 384.71 377.23

0 1000
FSC-Height
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Live/Dead Distinction Using

FACS Analysis

Eukaryotic cells: Live/dead distinction based on
FSC/SSC characteristics or DNA stains such as PI, 7-AAD etc.
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i s
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Forward Scauer Anti-IFN-y-PE
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Live/Dead Distinction Using
a!ysis, Cont'd

40




V.

VI.

Introduction with Definition of Flow Cytometry

Comparison Flow Cytometry vs. Immunohistochemistry
General Setup of a Flow Cytometer
1. Optical System
2. Fluidic System
Cell Sorting: Principles and Parameters
Parameter and Probes Useful for Flow Cytometric Analysis
1. Measurement of Intrinsic Parameters
2. Measurement of Extrinsic Parameters
Data Analysis
1. Types of Data Presentation: Dot Blot, Histogram, Contour Plot



Why Flow Cytometry?
ieter analysis!

Multi-param

Analysis of specific

Identification of structures onlin cells
cellular subset \

Simultaneous detection and quantification!!

Activation and differentiat/

(maturation) status of a cell

Cell cycle analysis

Pathogen-
associated
antigens or DNA



1.

2.

Cytology (cell cycle and cell growth, cell differentiation, necrotic and
apoptotic events)

Molecular genetics

Preparative tool for establishing chromosome specific DNA libraries

* Mapping of chromosomes loci by spot-blot hybridization
e Chromosome analysis and flow karyotyping

3. Oncology: e.g. analysis of cells from solid tumors

Cytokinetic studies to improve treatment protocols for diagnosis,
prognosis
Simultaneous determination of DNA content and BrdU

incorporation to measure the response of tumor cells to cancer
therapeutic agents or radiation



Application - continued

i

4. Microbiology

 Detection and measurement of bacteria, protozoa or viruses in
eukaryotic cells by DNA-, protein content, DNA base composition

 Detection of toxins in the cytoplasma

 Measuring higher membrane potential in parasitized cell
5. Animal breeding (analysis and sorting of sperms)
6. Clinical application

*  Oncology

« Hematology (platelet counting, detection of specific leukocyte
populations in the blood)



 Immunology
Measurement of T cell subpopulations (HIV)

Detection of antigen specific activated T cells
Intracellular staining for cytokines
Tetramer staining (compared to Elispot)

B-gal Fluorochrome (detection of transfected cells, detection
of activated cells using -gal-reporter gene)

7. Protein Biochemistry
* Peptide binding to MHC class | or class Il (T2 binding assays or
fluorescent probes)
* Staining for gene products inside the cell as alternative to
immuno-precipitation and western blot (apoptosis, cell cycle and
signaling)



Setup of a Flow Cytometer
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Laser-based flow cytometry with orthogonal configuration. Right-angle light scattering and two fluorescence
components may be detected through microscope objective or equivalent lens perpendicular to the laser beam
and water jet carrying cells. JForward-angle scattering is measured by means of a solid-state detector close to the
laser beam. A piezoelectric crystal causes the nozzle to vibrate at a frequency of the order of 40khz so that the
water jet breaks into droplets for cell sorting by electrostatic deflection. 6



Setup of a Flow Cytometer:

Fluidic System

The flow cell — the heart of the flow cytometer

Events in the Flow Cell

Hydrodynamic Focusing (looking at liquid stream from the top)

Light Scatter

Factor Of Ce” Size, Sheath fluid Sample — ideally in single cell file
Cell shape, cytoplasmic granularity

Pressure of sheath fluid relaxes or compresses the size of the core




Flow Cytometric Definitions of

Parameters Important for Proper
Operations

Flow speed
Flow ra

( )
Y

Function of the differential pressure

%

High differential pressure
> 2 PSI
Lower resolution
Medium setting may be ok for
sorting
poulttigh setting only acceptable for

phenotyping cells when high
frequency is expected

Low differential pressure
<1.5PSI

Higher resolution

More accurate doublet

discrimination
Flow Cel Appropriate for cell cycle analysis Flow Ce

Preferable for cell sorting

o o o



Setup of a Flow Cytometer:

Optical System

i
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T L T S
10 10

FL1 detector

3

Right Angle Light Detector
- measures cell shape,
cytoplasmic complexity

Forward Light Detector

- measures cell size




SSC-Height

1023

Right Angle Light Detector

- measures cell shape, cytoplasmic complexity

chtem Forward Light Detector
so%lrce - measures cell size
Peripheral Blood
Splenocytes Lymph node A ,
: ]
ISR 107 ng 1023
FSC-Height

FSC-Height




Laser

UV Laser

Excitation

Filters

379/28 - 820/60

Dyes (examples)

BUV395 -
BUV805

Blue Laser 488 nm 530/30 — 780/60 | FITC —PECy7
Yellow Laser 532 nm 575/26 - 780/60 |PE - PECy7
Green Laser 561 nm 575/26 - 780/60 |PE - PECy7
Red Laser 633 nm 660/20 - 780/60 | APC —APC-H7




630 nm BandPass Filter

White Light Source Transmitted Light

620 -640 nm Light

520 nm Long Pass Filter 575 nm Short Pass Filter
Light Source I Transmitted Light l

Light Source Transmitted Light



Making Space for More Colors:

e DIeS CE

ois ()] DIC (JE

Arrangement of Photomultiplier Tubes (detectors)

Linear Arrangement

48810 5§ $30/30
585/42 \ P10 Beam sphtter

Beam combiner I
Blue laser = —_—— 1
= Red diode laser 4 48810 FSC diode
~ 635 nem
Foousing

lane

Polygonal Arrangement

Fluorescent Iight from the cell

http://www.bdbiosciences.com/br/instruments/facscantoresearch/features/optics.jsp



Fluidic System

BAND

MIRRORS  MIRROR -

| Py,
L7 HY
ULTRASONIC <l A %. FLUORESCENCE
PrEe v
VIBRATOR ; ‘% ~_/ "DETECTOR (E.G. RED)
- SAMPLE J e ~ \FLUORESCENCE :
n ' DETECTOR (E.G. GREEN)
. ~~RIGHT ANGLE
" LIGHT SCATTERING DETECTOR
| 1PIN HOLE" '
LENS

-\-

LASER

+(()—ForwaRD LIGHT
SCATTERING DETECTOR

' +3000V
“—CELL COLLECTORS SIP
Sample injection port
= Pressurized
Waste Container Sheath Fluid Container
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Flow Sorting

Stream I:l E:i
Charge Piezoelectric
[—] «4— crystal oscillator
L Sheath in /
Sensors
SORT DECISIONS
: Sensor
Laser beam : SMALL BEAD LARGE BEAD
Last attached SORT LEFT I SORT RIGHT
e 4 “droplet
[ k
—7
0 .
+4KV 0 Frequency Histogram
LEFT 0 0
0 0
0
0 0
0
0
Waste
SMALL BEAD LARGE BEAD
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Cellular Par

meters for Flow

Analysis: What do you measure?

Structural Functional
Intrinsic Cell size Redox state
Cell shape
Cytoplasmic granularity
Pigment content
Extrinsic DNA content Membrane integrity

DNA base composition

Chromatin structure

RNA content

Total protein content, basic protein
Surface sugars

Membrane permeability
Enzyme activity

Endocytosis

Surface charge

Extra-, intracellular receptors
DNA synthesis
Cytoplasmic/mitochondrial
membrane potential
Intracellular Ca®*




Three crucial pieces of information needed when choosing a

fluorochrome:
(1) What are the specs of the laser? = Excitation wavelength
(2) What are the specs of the dichroic mirrors,

band pass filters of the flow cytometer? - what are the cut-ons/offs?

(3) are the fluorochromes considered compatible?

17



Choosing a Fluorochrome
il

Fluorchrome Qﬂtio) < Emission 2
maximum maximum
FITC 490 nm 520 nm |
TRITC 554 nm 573 nm
Texas Red 596 nm 620 nm
Phycoerythrin-R 480-582 nm 570 nm
XRITC 580 nm 600 nm
Allophycocyanine 650 nm 680 nm
PerCP 490 nm 650 nm
CyChrome (PE-Cy5) 490 nm 650 nm

Three crucial pieces of information needed when choosing a fluorochrome:

(1) What are the specs of the laser? - Excitation wavelength

(2) What are the specs of the dichroic mirrors, band pass filters of the flow cytometer?
- what are the cut-ons/offs?

(3) are the fluorochromes compatible with each other?



Data Presentation Styles: Histograms

Histogram display = showing one parameter at a time

J1CD8a- CD8a+

183.4 16.6
150 =

41CD8a- CD8a+
41834 16.6
150 = n

User-
determined
border
between
positive and

neTtive cells

100 -~

Count

50 =

1 2 3 “ S
10 10 10 10 10 101 102 | 103 104 10S

Comp-ferCE=CyS=S-A = CDia Comp-PerCP-Cy5-5-A :: CD8a

Histogram analysis for Histogram overlay for
determining the side-by-side comparison
percentage of cells that of multiple samples

express a specific marker
and those that do not



Data Presentation S :

SSC-A

4
1||.||||lll||Illllllllllll
o SO0K 100K 150 200K 25

FSC-A

1 Lymphocytes___
] 67.1 =

SSC-A

1If—rllllll'llllllllllllll'l

SOK 100K SOK 200« 250«

FSC-A

Pseudo-color Blot_: Dot Blot

SSC-A

SSC-A

250K =

150K

-.llllllllllllllllllllllllll

SOx 100K 150K 200 250
FSC-A
-
250K =
] Density Blot
200K =
150K =~ |,
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] 67.1
100K -
SOK =
1
.'1lllllllIllllllllllllllllll‘
0 50€ 100K 150% 200K 250K

FSC-A

Y-2SS

0000S 00000T 0000ST 00000Z 00005Z

]

0

50000 100000 150000 200000 250000
FSC-A

Cube can be
rotated to better
visualize
populations




100,000 cells 200,000 cells

Dense cell
clusters
cannot be
resolved in
dot blots 2>
require
alternative
display
modes such
as contour
blot



Application of Flow Cytometry in

Various Areas of Basic Research

b

l.  Cytology
1.  Cell cycle analysis
2.  Cell differentiation

3.  Necrotic and apoptotic events

II.  Molecular Genetics

1. Preparative tool for establishing chromosome specific DNA
libraries

Mapping of chromosome loci by spot-blot hybridization

Chromosome analysis and flow karyotyping

22



lll.  Oncology: e.g. analysis of cells from solid tumors

1. Cytokinetic studies to improve treatment protocols for diagnosis,
prognosis

2. Simultaneous determination of DNA content and BrdU

incorporation to measure the response of tumor cells to cancer
therapeutic agents or radiation

IV. Microbiology

1. Detection of bacteria, protozoa or viruses in eukaryotic cells by
DNA-, protein-content, DNA base composition

2. Detection of toxins in the cytoplasm

3. Measurement of higher membrane potential in parasitzed cells
V. Animal breeding

1. Analysis and sorting of sperms

23



lassic Karyotyping

Fig. 24. Dependence of fluorescence contrast enhancement by
DNA-binding counterstains on relative dye binding specificities and
spectral overlap. Shown are human 1,3 and Y chromosomes from
different cells of the same individual. Chromosomes in columns A
and B were stained only with chromomycin A, at 500 uM (A) or 4
wM (B), in 0.14 M pH 6.8 phosphate buffer plus MgCl,. Chromo-
somes in column C were stained with 500 pM chromomycin A,
followed by 100 uM methyl green, the latter in 0.15 M NaCl/0.005
M Hepes, pH 7.0. Chromosomes in column D were stained with 0.4

pM 33258 Hoechst, in 0.14 M NaCl/0.004 M KCI/0.01 M phos-
phate, pH 7.0, while those in columns E, F, and G were stained with
0.4 pM 33258 Hoechst, followed by 500 pM chromomycin A,.
Fluorescence from doubly stained chromosomes was due to chro-
momycin A, in C and G and to 33258 Hoechst in E and F. The
mounting medium in E was pH 7.5 Mcllvaine’s buffer. In all other
cases, glycerol, which stabilizes chromomycin A, fluorescence, was
used. Chromomycin A, staining solutions contained equimolar
amounts of the dye and magnesium [365].

24



Hoechst 33258

.--“':fj‘ 14
}g{ 15a

(&

9-12

15b

Chromomycin A3

Fig. 25. Bivariate flow distributions of human chromosomes derived
from PHA-stimulated peripheral lymphocytes stained with 33258
Hoechst and chromomycin A;. The left panel shows the whole kary-
otype while the right panel shows an expanded view of the smaller

chromosome types. The individual homologues of chromosome 15
are separately resolved with this donor. (Reproduced from ref.

[154a], with permission of the publisher.)
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Application: Cell Cycle Analysis

i

DNA, RNA, content, cell size and BrdU incorporation are valuable parameters to define the
position of the cells in cell cycle.

DNA Content
Non-replicating cells in GO, G1 have same DNA content (2c)

Show typical distribution in histogram. (&
\ 8, i GZ‘gf(
A ,

!
e Gc

Standardization with chicken RBC (35%DNA of human 2c cells) and rainbow trout RBC (80%) to
calibrate the system.

DNA Base Composition

Some dyes have preference for either A-T or G-C rich DNA

Quinacrine has same affinity for either one, but binding to A-T results in brighter signal than G-C.
Hoeschst 33258: A-T

Chromomycin: G-C

Allows karyotyping (see transparent)
26



Chromatin Structure

Fix cells and treat with RNAse (most of the dyes would also bind to RNA). Partial denaturation of
DNA by acid or heat. Subsequent staining with AO will then reveal chromatin structure:

AO binding to native DNA will result in emission of given wavelength, binding to denatured DNA
will result in shift of wavelength (higher). Sensitivity of DNA denaturation correlates with the
chromatin condensation; highest in mitosis and quiescent cells, most resistant DNA in late G1,
early S-phase

Pz | OG/"

&l / OH

AO/acid denaturation gives more information about the cell’s progress through cell cycle than
DNA content measurement alone.

27



VI. Clinical Application

1. Oncology

2. Hematology (platelet counting, detection of particular leukocyte
populations in the blood

3. Immunology
* Measurement of T cell subpopulations (e.g. HIV)
* Detection of Ag-specific, activated T cells
* Intracellular staining for growth factors

* Evaluation of responses to vaccination: ELIspot vs. tetramer-
staining

28



Phenotyping of Human Peripheral

Blood Mononuclear Cells

3:1LB04 U3 liBig

epe s

SR . 4
i
" .

FLE-HNFLE-Height —~->
FL2-H~FL2-Hzight -~

U3 WLiis

© CDiLtAET
Ll (D3

FLE-H\FLZ-Height ——-»

1igH

1
FLI-H\FLi-Height —---> FL1-H“FLi-Height —--->
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Bivariate distribution (contour plot) of DNA content versus incorporated BrdUrd for human, All
cells grown in vitro. B: The same type of plot as for panel A, after the cells were treated with
ara-c, showing the loss of cells from S-phase.
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...determines the frequency of cells producing a specific factor (alternate to ELISpots)

A ThO Th1 Th17 Th17 + IL-23
T = Isotype
— a-04 integrin
i
e
=
(@]
o ., 0
W w W w0 10 W w0 W W w 10° w0 w0 e e
o4
T u'- !o’a; .
. ‘a; bl
57 P
:J' 1 W = 40.4 _-"
* et : 0 -10. '0‘ ? Q" "

I ; ;
W w W w0 10

IFN-y
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(a) Heavy chain is modified by substitution of
(®) transmembrane and cytosolic regions
- with biotinylated target sequence for
enzyme BirA

(b) Purification of recombinant proteins form
inclusion bodies of E.coli: refolding step in
vitro and addition of epitope peptide ==>
isolation of refolded complexes by FPLC

(c) Loaded complexes are biotinylated at C-
terminal end of heavy chain by BirA.
Removal of free biotin by FPLC and ion
exchange chromatography.

(d) Fluorescent Streptavidin A is added to
induce tetramer formation

Other approach: biotinylate all lysine residues of
B2m. 33



Protocol for Staining of Ag-specifi

T Cells with Tetramers
i L

Protocol for Staining of Ag-specific T Cells with Tetramers
— Stain cells in PBS+5%serum with 1mg/ml tetramer for 20min at 4°C.

— Add anti-CD8 or other mAb (10mg/ml) for 30min at 42C.
— Wash cells and analyze in FACS
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Gating of Populations Can Increase

the Sensitivity of the Analysis

Results based on all PBMC Results gated on CD8* T cells

A Peripheral blood B MC-1 MC-2 MC-3 stimulation
with :
0.04 0.30 0.38 0.69
g Melan-A 26-35
) 17 12 15
sl 0.47 2.3 2.8
— — " A27L
18 14 20
0.08 0.20 0.35 2.1
LAU 56 —= —_ [—L
Melan-A 26-35
20 15 15
& 99 1.6 5.4 29
; “ ll A27L
20 16 21
4
[
£ 0.08 0.26 0.34 0.78
LAU 203
£ — — "1 Metan-a 263
<| )
5 36 33 43
[}
=
< 0.99 47 44
A27L
|
! 32 53

3
— A2/Melan-A tetramers
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VII. Protein Chemistry

1. Peptide binding to MHC class I or class II (T2 assay, fluorescent
peptides)

VIII. Flow Cytometry as an Alternative to Western Blot

[X. Monitoring the Efficiency of Transfection
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Transient Transfection of Cells

with a Plasmid

< wl050300.001
o

~ 3iRs
| = Control (non transfected)

- Region Events % Gated % Total XMean X Geo Mean
oy R1 7971  80.78 72.87 476.66 471.07
™3 R3 R2 9864 99.97 90.18 453.03 443.20

. R3 1 0.01  0.01 459.00 459.00

= - R4 2 0.02  0.02 320.50 320.07

. R5 0 0.00  0.00

0 1000
FSC-Height

< wl050300.002
O v |

" 1R Good transfection

- 3 Region Events % Gated % Total XMean X Geo Mean

R1 5864 61.64 52.10 464.58 459.60

oy | R2 4893 51.43 43.47 399.93 388.17

) 4 R3 2586 27.18 22,98 422.20 408.21

R4 1809 19.01 16.07 431.06 414.40

— R5 248 2.61 2.20 44119 423.34
OC) 2| =

0 1000 37

FSC-Height



0 1000
FSC-Height

Bad transfection

Region Events % Gated % Total

XMean X Geo Mean

R1 5558 58.73 51.65
R2 7838 82.83 72.84
R3 1401 14.81 13.02
R4 230 2.43 2.14
R5 7 0.07 0.07

459.29
395.70
419.14
415.95
384.71

454.65
383.46
404.49
397.87
377.23
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Live/Dead Distinction Using

FACS Analysis

Eukaryotic cells: Live/dead distinction based on
FSC/SSC characteristics or DNA stains such as PI, 7-AAD etc.

4
] )
=
S 32
3 =
0 3
3 5
g 3
&

Anti-IFN-y-PE
<
=
3 E
Z =2
8 £
n 3
@ 3
S
a

Forward Scatter Anti-IFN-y-PE

39



Live/Dead Distinction Using
?Iysis, Cont'd

FACS

Frequency

40
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